. We demonstrated that PlcB, but not InlA or InlB, is an important virulence factor in cerebral listeriosis. Nonimmunized mice infected intracerebrally with the ⌬plcB2 strain survived significantly longer and had a reduced intracerebral bacterial load compared to mice infected with the ⌬inlAB2 strain or WT bacteria. In addition, immunization with the WT prior to intracerebral infection significantly increased the survival rate of mice challenged intracerebrally with the ⌬plcB2 strain compared to that of mice infected with the WT or ⌬inlAB2 strain. Histopathology revealed that the major difference between the various experimental groups was a significantly delayed intracerebral spread of the ⌬plcB2 mutant strain, indicating that cell-to-cell spread is an important pathogenic feature of cerebral listeriosis. Interestingly, irrespective of the Listeria mutant used, the apoptosis of hippocampal and cerebellar neurons and an internal hydrocephalus developed in surviving mice, indicating that these complications are not dependent on the virulence factors InlA/B and PlcB. In conclusion, this study points to PlcB as a virulence factor important for the intracerebral pathogenesis of murine L. monocytogenes meningoencephalitis.
this operon, InlA and InlB (InlA/B), are cell wall-associated proteins of 88 and 65 kDa, respectively (27) . InlA associates with the bacterial cell wall by a conventional cell wall anchoring motif (25) , while the cell wall association of InlB requires a larger segment, comprising the last 232 amino acid residues of the C terminus (3) . A striking structural feature of both proteins is the presence of consecutive leucine-rich repeats, present 15 times in InlA and 7 times in InlB (5, 27) . Homology searches have revealed that InlA and InlB are members of a superfamily of leucine-rich repeat-containing proteins found only in pathogenic bacteria (24, 29, 39) . It has been shown previously that InlA and InlB are differentially required for entry into various tissue and culture cell lines (reviewed in references 4 and 7). InlA mediates the uptake into the epithelium-like cell line Caco-2 via interaction with host cell E-cadherin (30) , whereas the eukaryotic receptor for the bacterial ligand InlB is still unknown. It has been shown that pathogenic Listeria also harbors an internalin-like protein gene (irpA), encoding a secreted protein of 30 kDa (5, 10) . Recently, four more internalin-like proteins have been found in L. monocytogenes; however, the role of these proteins in infection is at present unclear (8) .
The capacity of L. monocytogenes to spread efficiently from cell to cell appears to be dependent on the product of the plcB gene, a secreted phospholipase with broad-substrate specificity, particularly for phosphatidylcholine. Thus, the highly purified 29-kDa mature form of this enzyme (termed PlcB or PC-PLC) cleaves a variety of phospholipids, including sphingomyelin, in detergent micelles, liposomes, and biological membranes (15, 16, 31) . The plcB gene is part of the lecithinase operon, consisting of the metalloprotease mpl, actin recruiting factor actA, and plcB (48) , and mutations of the plcB gene have resulted in a partial defect in cell-to-cell spread and reduced virulence (35, 41, 42) . Transmission electron microscopic studies revealed that plcB-deficient mutant strains accumulate in double-membrane vesicles in newly infected cells which form as a consequence of cell-to-cell spread (48) . Thus, infection of host cells by L. monocytogenes can occur by two distinct mechanisms: direct bacterial invasion of the cells in an internalinmediated fashion and cell-to-cell spread (9) . The intracellular lifestyle along with direct cell-to-cell spread is responsible for T cell-mediated immunity to cure the infection, whereas antibodies, albeit induced, are not important for elimination of the bacteria (20, 28) .
Whereas most experimental studies with animals have focused on the role of bacterial virulence factors in systemic listeriosis, which involves predominantly the liver and the spleen, the pathogenesis of cerebral listeriosis, a common and lifethreatening complication of human listeriosis, has remained largely unexplored (43) . Previous studies in an established murine model of cerebral listeriosis (12, 26) have revealed that in the brain most of the bacteria reside intracellularly in plexus epithelial cells, ependymal cells, and neurons as well as macrophages (37) . The intracellular location of L. monocytogenes indicates that bacterial virulence factors promoting its entry into host cells or facilitating its spread from cell to cell may significantly contribute to the pathogenesis and severity of cerebral listeriosis. The aim of this study was to examine the roles of InlA and InlB, necessary for invasion, and that of PlcB, necessary for the efficient spread of Listeria cells, in experimental murine cerebral listeriosis. In the present study we have used Listeria mutants lacking InlA and InlB (⌬inlAB2) or PlcB (⌬plcB2). Our data clearly demonstrate that PlcB, but not InlA/B, is an important virulence factor contributing to murine cerebral listeriosis.
MATERIALS AND METHODS
Bacterial strains and media. The weakly hemolytic L. monocytogenes EGD serotype 1/2a was originally obtained from G. B. Mackaness and served as the parental strain for construction of the ⌬plcB2 (18) and ⌬inlAB2 (32) mutant strains. Listeria strains were grown in brain heart infusion broth (Difco, Freiburg, Germany) at 37°C, with vigorous shaking.
Mice. Female C57BL/6 mice (6 to 8 weeks old) were obtained from HarlanWinkelmann (Borchen, Germany). Animals were kept under special pathogenfree conditions before infection with L. monocytogenes.
Experimental procedure. Mice were infected intracerebrally (i.c.) with 4 ϫ 10 2 organisms of L. monocytogenes EGD (wild type [WT]), ⌬inlAB2 (InlA/B deficient), and ⌬plcB2 (lecithinase deficient) strains. In addition, experimental groups were actively immunized by intraperitoneal injection of 5 ϫ 10 3 L. monocytogenes EGD cells 14 days prior to i.c. infection. The survival rates of the mice in each experimental group were monitored. The i.c. bacterial load was determined at days 1, 3, and 5 postinfection (p.i.) by plating 10-fold serial dilutions of brain tissue on tryptose agar (Difco). CFU were counted after incubation at 37°C for 24 h. In addition, spleens and livers from five immunized mice were used to assess the bacterial load 14 days after intraperitoneal immunization prior to i.c. challenge infection. After incubation of spleen and liver tissue for 24 h, no CFU could be recovered from these animals.
For histology, mice were sacrificed by CO 2 asphyxiation and immediately thereafter perfused intracardially with 4% paraformaldehyde in phosphate-buffered saline (pH 7.4) at days 1, 3, 5, and 10 p.i. Brains were dissected and incubated in 4% paraformaldehyde in phosphate-buffered saline at 4°C for 24 h and subsequently embedded in paraffin.
Histology. For histology, sections (4 m each) were cut from paraffin-embedded brain tissue. Specimens were stained with hemalum and eosin, cresyl violet, and Giemsa solution (Merck, Darmstadt, Germany). In addition, L. monocytogenes was demonstrated immunohistochemically by incubating deparaffinized sections with a polyclonal rabbit anti-L. monocytogenes antiserum (Difco) followed by peroxidase-labelled goat anti-rabbit immunoglobulin G F(abЈ) 2 fragments (Jackson-Dianova, Hamburg, Germany). Peroxidase reaction products were visualized by 3,3Ј-diamonobenzidine tetrahydrochloride (Sigma, Deisenhofen, Germany), and H 2 O 2 was used as the cosubstrate.
Histopathological alterations were evaluated in specimens stained with hemalum and eosin, cresyl violet, and Giemsa solution as well as in L. monocytogenes immunohistochemically stained sections obtained from various regions of the brain, including the basal ganglia, the hippocampus, the hypothalamus, the cerebellum, the brain stem, the ventricular system at the levels of the lateral, third, and fourth ventricles, the subarchnoid space at the level of the forebrain, the cerebellar cisterns, and the brain stem. To compare the intensity of cerebral listeriosis between the various groups, a semiquantitative grading system was introduced as follows: no pathological alterations, Ϫ; single bacteria and small inflammatory infiltrates, ϩ; clusters of bacteria and large infiltrates with no tissue destruction, ϩϩ; and huge amounts of bacteria and large numbers of infiltrates with parenchymal destruction, ϩϩϩ. For the in situ detection of DNA fragmentation, the TUNEL method (14) was employed with paraffin sections. The In Situ Cell Death Detection kit (Boehringer, Mannheim, Germany) was used according to the manufacturer's instructions. Negative control experiments were carried out without terminal transferase in the TUNEL reaction mixture.
Statistics. The Wilcoxon test was used to compare statistical differences between the survival times of the various experimental groups as well as differences in the i.c. bacterial load at various time points after infection. P values of Ͻ0.05 were considered significant. Each experiment was performed at least twice.
RESULTS

Survival rates. Following i.c. infection with the L. monocytogenes
WT and ⌬inlAB2 mutant strains, all nonimmunized mice succumbed to the disease by day 5 p.i. (Fig. 1) . In addition, although mice infected with the L. monocytogenes ⌬plcB2 mutant strain inevitably showed a fatal outcome caused by central nervous system (CNS) listeriosis ( Fig. 1) , death was significantly delayed in these animals (P Ͻ 0.05 for ⌬plcB2 versus WT and ⌬inlAB2).
Mice actively immunized with WT L. monocytogenes were significantly protected from i.c. infection with the ⌬plcB2 strain compared to nonimmunized animals (P Ͻ 0.05 [ Fig. 1]) . In contrast, immunization did not significantly protect mice i.c. infected with either WT or ⌬inlAB2, and mortality rates did not differ significantly from those of nonimmunized mice infected with WT and the ⌬inlAB2 mutant strain. Thus, survival rates of these mice were significantly reduced compared with those of immunized mice infected with ⌬plcB2 ( Fig. 1 [P Ͻ 0.05]). Notably, after day 6 p.i., no more animals succumbed to the disease, irrespective of experimental group.
Kinetics of bacterial load. Determination of the i.c. bacterial load at days 1, 3, and 5 p.i. revealed that nonimmunized and immunized mice infected with WT and ⌬inlAB2 had comparable amounts of bacteria in their brains. In both the nonimmunized and immunized mice in these groups, the i.c. bacterial load increased from day 1 to day 3 p.i. Interestingly, immunized WT-and ⌬inlAB2-infected mice reduced the i.c. bacterial load only moderately from days 3 to 5 p.i. (Fig. 2) .
A comparison of WT-and ⌬inlAB2-infected mice with ⌬plcB2-infected animals revealed that the bacterial load in the brains of ⌬plcB2-infected mice was significantly reduced (Fig. 2 ). This observation was made for both immunized and nonimmunized groups throughout the course of disease. Although the number of bacteria increased in the brains of ⌬plcB2-infected nonimmunized mice from days 1 to 3 p.i., the bacterial load was significantly lower compared to those in nonimmunized WT-and ⌬inlAB2-infected mice (P Ͻ 0.05 for ⌬plcB2 versus WT and ⌬inlAB2). In addition, immunized ⌬plcB2-infected mice had a significantly reduced i.c. bacterial load at days 1, 3, and 5 p.i. compared to immunized WT-and ⌬inlAB2-infected mice (P Ͻ 0.05 for ⌬plcB2 versus WT and ⌬inlAB2). Interestingly, analysis of nonimmunized and immunized ⌬plcB2-infected mice revealed that immunization, which significantly protected these mice from the fatal course of disease, did not result in a significant reduction of the i.c. bacterial load before day 5 p.i.
Histopathology. After i.c. application of L. monocytogenes WT, ⌬inlAB2, and ⌬plcB2 strains, all mice developed cerebral listeriosis. Whereas the same neuroanatomical structures were affected in all groups, there were major differences in the kinetics and severity of inflammation (Table 1) .
In general, following the i.c. application of L. monocytogenes onto the rostral basal ganglia, nonimmunized WT-and ⌬inlAB2-infected mice developed similar pathologies. At day 1 p.i., bacteria and inflammatory cells were present in the ventricular system associated with the choroid plexus and the ependyma. The ⌬plcB2 mutant strain was observed in slightly reduced numbers in the same structures. However, there was no evidence of an invasion of the ependyma by the ⌬plcB2 strain at this stage of the disease.
At day 3 p.i., cerebral listeriosis had significantly progressed in all experimental groups. L. monocytogenes WT and ⌬inlAB2 strains had caused severe meningitis and ventriculitis. The lateral, third, and fourth ventricles were completely obstructed by large numbers of polymorphonuclear leukocytes and macrophages ( Fig. 3a and c) . Interestingly, numerous elongated, rodshaped WT bacteria and ⌬inlAB2 mutants adhered to plexus epithelial cells and formed large clusters ( Fig. 3b and d) . They had destroyed the choroid plexus and the ependyma (Fig. 3a to  d) , allowing the bacteria access to the periventricular tissue, where inflammatory infiltrates were associated with the bacteria and small foci of necrosis ( Fig. 3a and c) . Invasion of WT and the ⌬inlAB2 strain was most prominent in the brain stem, where bacteria were also detected in the cytoplasm of neurons. These Listeria-infected neurons were surrounded by neutrophils and macrophages (Fig. 3c) .
In contrast to WT and ⌬inlAB2, the ⌬plcB2 mutant strain caused a course of disease that was significantly less severe (Fig. 3e) . The number of ⌬plcB2 bacteria was much lower than those of WT and ⌬inlAB2, and consequently there were fewer inflammatory infiltrates. Interestingly, ⌬plcB2 bacteria did not take an elongated shape or form large clusters in the ventricular system but were isolated or present in small groups (Fig.  3f) . The choroid plexus was much less severely destroyed, and the intact ependymal layer precluded significant bacterial invasion of the adjacent brain tissue (Fig. 3e) . Up to day 5 p.i., when mice infected with WT and ⌬inlAB2 had already succumbed to necrotizing brain stem encephalitis, the disease was still progressing in animals infected with the ⌬plcB2 strain. At this stage of infection, histopathological alterations of ⌬plcB2-infected mice were comparable to those in mice infected with WT and ⌬inlAB2 bacteria at day 3 p.i.
With either bacterial strain, the anatomic structures that were affected in actively immunized mice were the same as those affected in nonimmunized mice. However, the severity of cerebral listeriosis, particularly in mice infected with mutant strain ⌬plcB2, was reduced (Table 1 and Fig. 4) . The involvement of the periventricular basal ganglia, the fourth ventricle, and the adjacent brain stem tissue, especially, was less severe (Fig. 4a to d) . Nevertheless, most of the immunized mice infected with the WT and ⌬inlAB2 strains still developed progressive encephalitis, although it was somewhat delayed, and subsequently the vast majority of these animals succumbed to the disease.
Immunized ⌬plcB2-infected mice also developed meningitis and ventriculitis; however, these diseases were much less severe than in nonimmunized ⌬plcB2-infected or immunized WT-or ⌬inlAB2-infected animals ( Fig. 4e and Table 1 ). The most-striking finding was the lack of disease progression from days 3 to 5 p.i. in most animals ( Fig. 4f and Table 1 ). In addition, only a small number of immunized ⌬plcB2-infected mice developed brain stem encephalitis, and inflammation was restricted mostly to the periventricular brain tissue. In particular, necrosis did not occur in the brains of these animals. Interestingly, the ⌬plcB2 mutant strain was observed less often in neurons than were bacteria from the other experimental groups.
At day 10 p.i., surviving mice had developed postinflammatory internal hydrocephalus of the lateral, third, and fourth ventricles (Fig. 5a ) due to partial destruction of the ependymal lining and formation of delicate sheets of glial-ependymal tissue in the fourth ventricle, irrespective of the injected Listeria mutant (Fig. 5c) .
Apoptosis. To determine whether apoptosis of CNS cells contributes to the pathogenesis of cerebral listeriosis and whether apoptosis is influenced by virulence factors of L. monocytogenes, brain sections from the various experimental groups were analyzed by the TUNEL technique.
At day 1 p.i., no apoptotic cells were detectable in the brains of any of the Listeria-infected mice. Starting at day 3 p.i., apoptosis of hippocampal neurons was observed in all experimental groups. The vast majority of neurons of the CA1 segment of the hippocampus exhibited small, pyknotic nuclei and an eosinophilic cytoplasm, and these neurons were strongly labelled in the TUNEL reaction. Apoptotic neurons were confined to the CA1 segment and were sharply demarcated from the adjacent intact hippocampus (Fig. 5d) . In addition, surviving mice exhibited a small but significant number of apoptotic Purkinje cells in the cerebellum at day 10 p.i. (Fig. 5c) . In contrast to hippocampal and cerebellar neurons, other structures of the CNS exhibited only a marginal number of apoptotic cells. Thus, the destruction of the plexus epithelium, the ependymal layer as well as parts of the brain parenchyma, was due to L. monocytogenes-induced necrosis rather than to apoptosis. Furthermore, at days 3 and 5 p.i., some apoptotic inflammatory cells in the ventricular lumen were detected by TUNEL labelling.
DISCUSSION
In this study we have assessed the properties contributing to the virulence of the inlA, inlB, and plcB genes of L. monocytogenes in the CNS following the crossing of the blood-brain barrier (BBB). We employed L. monocytogenes isogenic deletion mutant strains lacking the main virulence factors necessary for invasion and cell-to-cell spread, inlA/B and plcB, respectively.
We demonstrated that PlcB, but not InlA or InlB, is an important determinant of the virulence of L. monocytogenes in cerebral listeriosis. The delayed intracerebral spread and reduced multiplication of the L. monocytogenes ⌬plcB2 mutant strain indicated that cell-to-cell spread, which is dependent mainly on lecithinase activity (48) , is important for the rapid dissemination of the bacterium in the brain. Consequently, nonimmunized mice infected i.c. with ⌬plcB2 survived significantly longer than mice infected with the WT and ⌬inlAB2 strains. However, it should be stressed that although its spread was delayed, ⌬plcB2 finally gained access to the same anatomic structures of the CNS, i.e. the plexus epithelium, the ependyma, the leptomeninges, and the brain parenchyma, as the WT and ⌬inlAB2 strains did. Thus, PlcB seems to be required for efficacious and fulminant infection in cerebral listeriosis.
In immunized mice the delayed spread of ⌬plcB2 enabled the immune system to prevent a significant spread of the bacterium to the brain stem, resulting in an outcome that was significantly more favorable, with an increased survival rate, compared to that of mice infected with WT and ⌬inlAB2. The improved prognosis of immunized L. monocytogenes ⌬plcB2-infected mice can be explained by two complementary factors. For infection of host cells to be ongoing, the ⌬plcB2 mutant strain must continuously leave the host cells and enter the extracellular space. This enables macrophages, stimulated by (e) ⌬plcB2 has also infected the fourth ventricle, and the bacteria are accompanied by intraventricular neutrophils and macrophages. In contrast to WT (a) and ⌬inlAB2 (c), the ependymal lining is largely intact (arrows). Very few bacteria are detectable in the periventricular tissue (arrowhead). (f) Some ⌬plcB2 are detectable either as single or small groups of coccoid bacteria (arrowheads) in the choroid plexus. The choroid plexus is infiltrated by neutrophils and macrophages, but in contrast to the images shown in panels b and d, its structure is largely preserved. Specimens in panels a to f were stained with cresyl violet. Magnification is as follows: for panels a and e, ϫ260; b and d, ϫ1,250; c, ϫ520; f, ϫ1,470. In ⌬inlAB2-infected mice, inflammation is also largely confined to the lateral ventricle, and small parts of the choroid plexus are preserved (asterisk). A significant part of the ependyma is still intact (arrows). (d) From days 3 to 5 p.i., disease progressed in ⌬inlAB2-infected mice. Purulent ventriculitis and focal brain stem encephalitis (arrows) developed. (e) Only discrete infiltrates were detectable in the largely normal fourth ventricle in a ⌬plcB2-infected mouse at day 3 p.i. The choroid plexus was largely preserved (arrowhead), and ventricular empyema was absent. The ependyma was only focally destroyed, and small, single infiltrates were present in the periventricular tissue (arrow). (f) At day 5 p.i., the inflammation was largely resolved, and only small residual infiltrates were present (arrow) in the wall of the fourth ventricle. Specimens in panels a to f were stained with cresyl violet. Magnification, ϫ260.
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on October 29, 2017 by guest http://iai.asm.org/ immunization-induced L. monocytogenes-specific T cells, to phagocytize and degrade extracellular ⌬plcB2 mutant listeriae. In fact, previous studies have demonstrated that systemic immunization results in the increased activation of i.c. macrophages in cerebral listeriosis (37) . In addition, the lack of cell-to-cell spread results in the reduced growth of L. monocytogenes ⌬plcB2 in the brain, independent of a Listeria-specific T-cell response (Fig. 2, nonimmunized mice) . Therefore, immunization-induced Listeria-specific T cells have to combat a significantly reduced number of i.c. bacteria in mice infected with the ⌬plcB2 strain compared to the number in mice infected with the WT or the ⌬inlAB2 strain, significantly facilitating control and elimination of the pathogen. These findings extend those of previous in vitro studies, which have indicated that the lecithinase expressed by mature PlcB is essential for cell-to-cell spread in various tissue culture cell lines (35, 42, 48) .
In contrast, the cell wall-associated virulence factors InlA/B were unimportant for the efficient spread and multiplication of L. monocytogenes in the brain. Thus, while InlA is necessary in mediating the invasion of intestinal Caco-2 cells, and InlB is required for the invasion of hepatocytes and human umbilical cord endothelial cells (6, 13, 30, 32) , these virulence factors are dispensable for the efficient spread and multiplication of L. monocytogenes in the brain. In addition, the experiments of Gregory et al. (17) have revealed that InlA and InlB are not required for the entry of L. monocytogenes into hepatic cells in vivo.
In the present study, L. monocytogenes was directly applied to the brain, a technique which is widely used to study the pathogenesis of cerebral listeriosis (12, 26, 36, 37) as well as that of other bacterial (reviewed in reference 46) and viral (26, 45) cerebral infections. This approach guaranteed that i.c. listeriosis started at the same time point in all groups of mice, with exactly the same amounts of the various Listeria mutants, a prerequisite for evaluating the roles of the different virulence factors for the i.c. pathogenesis of listeriosis in the CNS. However, it must be remembered that cerebral listeriosis is, in general, a food-borne disease acquired by the consumption of contaminated food. After the intestinal barrier has been passed, bacteremia enables L. monocytogenes to cross the BBB and to infect the CNS, generating characteristic cerebral symptoms (1) . The specific listerial determinants that are required for the crossing of the intestinal barrier and the infection of the CNS are still unknown. Two general mechanisms for traversing the BBB can be envisaged as follows: first, transcytosis through the endothelial cells lining the barrier, and second, paracellular infection, either directly or via infected phagocytic cells be- tween vascular endothelial cells. We have recently shown that L. monocytogenes can invade endothelial cells directly and that this invasion is mediated by the inlB gene product (32) . Other studies showed that the interaction of Neisseria meningitidis with components of the BBB correlates with the increased expression of PilC (34) and that the outer membrane protein A of Escherichia coli contributes to the invasion of brain microvascular endothelial cells (33) . Both bacterial proteins may be important factors for the crossing of the BBB, allowing pathogens access to the normally sterile CNS. Another mechanism by which bacteria might gain access to the CNS is the modulation of the BBB permeability during systemic bacterial infections such as those caused by nitric oxide, tumor necrosis factor alpha (21, 23, 38, 40) , and bacterial products (44, 47) . We speculate that paracellular forms of listerial transfer may also occur via changes in tight junction physiology, probably mediated by the action of listeriolysin.
In the present study, a common feature of cerebral listeriosis was the capacity to induce the apoptosis of neurons in the hippocampus. Interestingly, the apoptosis of hippocampal neurons was confined to the CA1 segment, which is particularly vulnerable to a variety of lesions. Purkinje cells in the cerebellum, which are also highly vulnerable to stress, underwent apoptosis as well. Since the same apoptotic changes were observed in the mice infected with the ⌬inlAB2 and ⌬plcB2 mutant strains, these virulence factors of L. monocytogenes are not critical for the induction of apoptosis in neurons. The fact that the apoptosis of hippocampal neurons was also observed in other experimental models of bacterial meningitis, including pneumococcal and streptococcal meningitis (2, 49) , indicates that a common pathogenic mechanism underlies the induction of neuronal apoptosis in bacterium-induced meningoencephalitis. Candidate molecules, which have been shown to induce neuronal apoptosis in experimental group B streptococcal meningitis as well as in neuronal cell cultures stimulated with Streptococcus pneumoniae or group B streptococcal cell walls, are tumor necrosis factor alpha and nitric oxide (2, 22) , which are also produced in cerebral listeriosis (26, 36) . The assumption that immune reactions may be critically involved in the induction of neuronal apoptosis is further evidenced by our observation that apoptotic cells were often observed in the vicinity of inflammatory infiltrates. In addition, it has been demonstrated recently that a main virulence factor from L. monocytogenes, listeriolysin, is able to induce the apoptosis of mouse dendritic cells (19) . Since the ⌬inlAB2 and ⌬plcB2 mutant strains we used in this study produce listeriolysin (data not shown), we can assume that this toxin may also contribute to the apoptotic process of neurons in the hippocampus and cerebellum.
Furthermore, a common feature of all surviving mice, irrespective of the type of L. monocytogenes that was applied, was the development of a hydrocephalus. This hydrocephalus was caused by the destruction of the ependymal lining and the formation of sheets of glial-ependymal scar tissue in the ventricles, interfering with cerebrospinal fluid outflow. Since the development of a hydrocephalus was independent of the listerial virulence factors InlA/B and PlcB, the infection and subsequent destruction of specific anatomic structures such as the ependyma seems to be the main pathogenic factor. In this respect, murine CNS listeriosis closely resembles human bacterial meningitis, in which postinflammatory hydrocephalus is a common complication.
In conclusion, the present study identifies PlcB as a virulence factor in CNS listeriosis, which is important in determining the course and final outcome of the disease. Since the ⌬plcB2 mutant strain was not completely attenuated, additional, asyet-undefined virulence factors may play a significant role in the i.c. pathogenesis of this life-threatening disease.
